A Case-Control Study in Coal Miners: Apurna Kumar GHOSH, et al. Department of Mining Engineering, National Institute of Technology, India-This study assessed the relationship of age, poor perception of working condition, poor safety environment, poor management and supervision, risktaking behavior, emotional instability, negative job involvement, job dissatisfaction, job stress, and poor safety performance of workers to occupational injuries. This case-control study was conducted on 202 male coal miners with at least one occupational injury during a five-year period and 202 male controls with no occupational injury, matched on the job. A standardized questionnaire administered by individual interviewers was used. Data were analysed by the logistic regression method. For all workers combined, the factors with significant adjusted odds ratios (ORs) found were: 30-45 and >45 yr age groups (OR vs. <30 yr age group: 1.80, 95% CI 1.02-3.17 and 2.59, 1.38-4.85 respectively), poor perception of working conditions (1.61, CI 1.00-3.18), emotional instability (2.33, 1.04-5.22), job stress (1.83, 1.00-3.46) and poor safety performance of workers (3.10, 1.45-6.63). No significant interaction was found between these risk factors and the job. It was concluded that older age, poor perception of work conditions, poor work environment, and human behavioral factors played significant roles in occupational injuries. This information would help in implementing preventive programs to improve working conditions and management quality and to help the workers to develop positive psychological traits, but workers with negative Received Jan 8, 2004; Accepted Sep 27, 2004 Correspondence to: A. Bhattacherjee, Department of Mining Engineering, Indian Institute of Technology, Kharagpur, 721302, India (e-mail: ashisb@mining.iitkgp.ernet.in) traits such as emotional instability and older workers should be employed in less demanding jobs.
According to International Labour Office statistics, 120 million occupational injuries and 210,000 fatal injuries occur annually at workplaces worldwide 1) . They take a considerable socioeconomic toll of workers, companies and society, whereas they draw fairly little public attention. The mining industry has a high incidence of injury among all industry divisions, particularly of fatal injuries 2) . The incidence of injury remains high although some improvements in work conditions have been made as a result of catastrophic events and scientific progress 3) . There has been little epidemiological knowledge of preventive measures as most findings have often been based on accident investigations rather than on epidemiological studies [4] [5] [6] . It is well known that a technical approach alone is not sufficient to reduce injuries 7, 8) . The human factor was found to make a significant contribution to injuries 8, 9) . Some researchers have explored the role of the social context, particularly of the safety culture 7, 8) . Individual characteristics of workers have been little investigated. Certain personal and impersonal factors were identified as risk factors in some industries: petrochemical industries 10) , construction industries [11] [12] [13] , railway firms 14) , nuclear processing plants 15) , transport safety 16, 17) , glass bottle manufacturing plants 18) , and in the general population [19] [20] [21] . Some authors have emphasized the roles of poor perception of working conditions 10, 22) , poor management and supervision 8, 23) , and poor safety environment 20, 24) , risk taking behavior 15, 25, 26) , emotional instability 4, 27, 28) , negative job involvement 29, 30) , job dissatisfaction 10, 28, 31) and job stress 10, 27, 32) . The issue of the safety performance of workers has been little investigated although it can play a role in occupational injury 33) . These factors have not been investigated simultaneously, especially amongst miners.
The present study aimed at assessing the relationships of age, poor perception of working conditions, poor safety environment, poor management and supervision, risktaking behavior, emotional instability, negative job involvement, job dissatisfaction, job stress, and poor safety performance with occupational injuries in underground coal mines.
Materials and Methods

Subjects
This investigation was a case-control study conducted on workers from three underground coal mines located in the eastern part of India which employed 2,900 miners in the period 1996-2000. The method of coal extraction was mainly the bord-and-pillar technique. The average total annual production of these mines was 440,000 tons. Only male workers were employed in underground mines. Most of the workers were from a poor socio-economic group and were illiterate. The scheduled working duration of workers was eight hours per day and they had to work six days per week. Years of experience in mines was not considered as it is very much linked with the subject's age (problem of co-linearity). The survey was conducted from July to December 2001 (six months). Based on the hypothesis that the proportion of those exposed in controls was 10%, a relative risk of 2.2, significance level p=0.05, power=80%, the number of case-control sets in a matched case-control study required is n=200 34) . Two case-control pairs were added to prevent the possible refusal of some workers. In fact all subjects contacted participated in the study so that our study consisted of 202 case-control pairs. The cases were randomly selected from among the 780 underground workers who suffered injury at least once during the five-year period 1996-2000 (annual incidence rate of injury, 5.4%). The injured miners were randomly selected from the injury registry maintained by the safety department of the mine. Note that the questionnaire included a description of injury for the cases. There were a few fatal and serious injuries (2 and 17 respectively for the same period 1996-2000, 2.4% of total injuries); and they were excluded from the study. For each case, one control was randomly selected among the 1,591 underground miners with the same job and from the same mine who did not experience any injury in their career. Of the cases 140 were loaders who were engaged in loading coal on mine tubs at the workfaces from where coal was extracted; the others were trammers, timber mistris/majdoors, dressers, haulage workers and drillers, (62 workers). The distribution of all the injuries in the mines and that of the cases and controls studied according to occupation of workers is shown in Table 1 . As the loaders are the majority of the injured miners (69.4%), two groups of occupational categories were identified: loaders and other-than-loaders. The distributions of the samples gathered according to occupation were expectedly close to that of all the injuries in the mines.
An occupational injury was defined as damage to the body regardless of its severity which resulted from an accident at work with at least one day of work day loss in addition to the day when the accident occurred and for which the subject got compensation.
Study design
The study protocol included: (1) a request for participation to the management of the three mines; (2) a standardized questionnaire called Worker's Response Device (WRD) questionnaire, which included sociodemographical data and validated questionnaires 34) assessing poor perception of working conditions 10, 22) , poor management and supervision 8, 23) , poor safety environment 20, 24) , risk taking behavior 15, 25, 26) , emotional instability 4, 27, 28) , negative job involvement 29, 30) , job dissatisfaction 10, 30, 31) , and job stress 10, 27, 32) ; (Table 2) and (3) a validated standardized questionnaire concerning the safety performance of the worker 34) called the Supervisor's Response Device (SRD) questionnaire ( Table 2 ).
The WRD questionnaire was administrated at the work place for each worker (case and control). The SRD questionnaire was administrated to the immediate supervisor of the worker. All the managements of the three mines participated in the study. They introduced the research team to the workers. It should be noted that all workers contacted participated in the study.
Statistical analysis
First, Chronbach's alpha coefficients were computed to measure the intercorrelation of the various items 10) for all factors studied: poor perception of working condition, poor safety environment, poor management and supervision, risk taking behavior, emotional instability, negative job involvement, job dissatisfaction, job stress, and poor safety performance. 35, 36) . Occupational injury was a dependent variable with values of 1=Yes and 0=No. To assess the effect of various factors on occupational injuries, crude odds ratios (ORs) and their 95% Each question has three possible answers Yes/Cannot say/No which were assigned values of 3, 2, and 1 respectively (or 1, 2, or 3 for the items negatively formulated which are indicated by "*" ).
The WRD questionnaire: confidence intervals were computed. Adjusted odds ratios (ORs) and 95% confidence intervals were then computed by the logistic regression method. As marked difference in injuries was observed between loaders and other than loaders (loaders suffered 69.4% of the total injuries), the interaction effects of job on other risk factors were investigated with the logistic model. All the analyses were performed with the SPSS package 37) .
Results
The internal coherences of the questionnaire items of the factors were measured by Chronbach's alpha coefficients. They were as follows: poor perception of working conditions (0.83), poor safety environment (0.83), poor management and supervision (0.86), risk taking behavior (0.74), emotional instability (0.80), negative job involvement (0.73), job dissatisfaction (0.95), job stress (0.78) and poor safety performance (0.88). Table 3 shows that significant differences were observed between the cases and controls for all the factors studied for all the samples and the loaders. Similar differences were found in other-than-loaders, but they were not significant for age, poor perception of working conditions, emotional instability or for negative job involvement, probably due to the small number of subjects. Table 4 shows the crude odds ratios and the adjusted odds ratios of various factors for all the workers combined. Significant crude odds ratios were found for emotional instability (3. Table 5 shows the adjusted odds ratios for the main effects of the risk factors and the interactive effects of these risk factors with the job. Although none of the interactive terms were significant, it should be noted that they were noticeably higher than 1 for emotionally NS: non significant instability and poor safety performance, and noticeably lower than 1 for poor management and supervision, risk taking behavior and job dissatisfaction.
Discussion
This survey was a case-control study on coal miners randomly selected from among the workers in a coal company. In this study efforts were made to eliminate selection bias in the sample. As the risk of injury is much higher in loaders than in other workers, random selection of the cases and their controls was done on the basis of their occupation (loaders and other-than-loaders) so that the distribution of the cases and controls according to occupation was close to that of all injuries in the mines.
All underground workers were male. It should be noted that fatal and serious injuries (2 and 17 respectively for the period studied, 1996-2000, 2.4% of total injuries) were excluded from the study due to its protocol: the risk factors concerned underground working condition, and the miners with serious injuries had been shifted to less hazardous and laborious jobs on the surface. This would introduce a bias due to the well-known healthy worker effect. But it would not greatly change the results as the percentage of subjects concerned was small (2.4%). Furthermore, the workers who had left the mines were lost to the study. This also introduced a bias as health status is a risk factor in occupational injury 38) ; so, interpretation of the results must be made with prudence. An auto questionnaire survey was avoided and face-toface interviews were conducted so that workers did not face any difficulty in responding the questionnaire items.
It should be noted that the internal coherence of the questionnaires for various factors was very good. Indeed high Chronbach's alpha coefficients were found (between 0.73 and 0.95). It reported that older ages, poor perception of working conditions, poor safety environment, poor management and supervision, risk taking behavior, emotional instability, negative job involvement, job dissatisfaction, job stress, and worker's poor safety performance played noticeable roles in occupational injuries. The job, which is a well known risk factor 5, 6, 38) , was not investigated in this study as the cases and controls were matched on the basis of it. The survey used validated questionnaires previously utilized in various countries 4, 8, 10, 15, 20, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] 34) . The questionnaires were administered by individual interviewers. It should be noted that all the management of the mines and all the workers contacted participated in the study. The survey was well accepted by the miners.
The present study reported that a higher risk of injuries was observed in older workers. This was also reported by other researchers 4, 35) . Ageing would result in a decrease in physical and mental abilities which may in turn alter the quality of work performance and the ability to notice work environment hazards, particularly when the demanding level of the tasks is high, but some discrepancies were found by some studies. Maiti and Bhattacherjee found no significant difference between age groups 6) . Gauchard et al. also found no difference for injuries due to falls 14) . Chau et al., Bazroy et al., and Ghosh et al., showed that younger subjects had a higher risk 11, 18, 39) . Young age is associated to lack of knowledge, lack of experience and contributes to risk taking behavior; this hypothesis would explain why the causes of injuries differed according to the age group 12) . Although in this study age was considered as a risk factor and was controlled in the logistic regression analysis, it might have been better to collect the samples by matching the age of case and control groups, because age is a well known risk factor 40) . This study found that poor perception regarding working conditions and safety environment had a significant influence on injury occurrence. This finding suggests that workers who are highly satisfied with the existing working conditions have a lower risk. It was confirmed by discussions with workers that workers with no injury have positive thinking about the physical environment and always take necessary safety precautions. This was also observed by other researchers. Li et al. emphasized that workplace injuries are caused by a poor person-environment fit 10) , which leads to increased job stress and therefore to increased injury risk. Melamed et al. stressed that individuals who are more sensitive to the work environment are more likely to have been involved in injuries 22) , but working condition, the environment and management also play important roles. Melamed et al. suggested that pre-occupation with disturbing job and work environment characteristics are important contributors to occupational injuries 22) . This pre-occupation may serve as a directing factor making the workers less attentive to danger cues. Li et al. expressed poor working conditions in terms of work stressors which cause mental disturbance and consequently occupational injuries 10) . Stressful jobs or increased intensity of occupational stressors may increase the risk of occupational injury 10, 27, 32) . A poor safety environment is partly due to defective plant, equipment, tools, materials and buildings. Studies have shown that perception of a safety climate predicts safety knowledge and motivation, and safety behavior which in turn are predictors of occupational injuries 20, 24) . The role found in injuries for poor management and supervision was expected. Indeed, the attitudes of management in support of achieving production targets can affect worker behavior. Our finding was consistent with that by some researchers who reported that management could affect the health status and safety of employees and increase the risk of accidents 8, 23) . An important finding of our study is that workers with emotional instability have a higher risk of occupational injuries. This result was consistent with that from other authors 4, 28) . Emotional instability is defined as excessive emotional reactivity associated with frequent changes or swings in emotions and mood. Frone suggested that negative emotional states and a lack of emotional stability may lead to lapses in attention or to higher levels of distractibility, thereby increasing the risk of injury 27) . It may be indicated that the jobs in underground mines can be sometimes stressful. This stress creates frustrations which can alter the adjustive responses, and consequently the reactions can be disorganized or exaggerated. Such situations can increase the risk of injuries 27) . The higher risk of occupational injuries among jobdissatisfied workers found in the present study confirms the results from other investigations 10, 28, 31) . Job dissatisfaction can be considered as an emotional response and represents job related strain which is associated with production, motivation, absenteeism, tardiness, carelessness, fatigue and mental health which in turn cause injuries.
Negative job involvement was also found to play a positive role in occupational injuries. This result would be explained by the fact that workers who are negatively involved are not satisfied with their job, which result in injuries 41, 42) . A marked risk was found for workers with poor safety performance. The study revealed that the control group evinced better safety performance than the injured workers due to their positive psychological traits and characteristics. According to the supervisors, individual production bonuses sometimes encouraged workers to take risks. Dhar found a similar result with a similar questionnaire rated by the respective supervisors of workers 33) . Initially it was suspected that the job (loaders and other than loaders) may have different effects on the risk factors but the results obtained with the logistic regression model have revealed that the job has no significant effect on the risk factors.
It should be mentioned that the comparison of our results with those obtained by other authors has to be made with caution. Indeed, there are marked sociocultural differences between the subjects investigated and those of the other studies. Moreover, the populations and the professional sectors could also be different.
In conclusion, our study reported that older age, emotional instability, poor perception of working condition, job stress and poor safety performance of worker play significant roles in occupational injuries. This valuable information would help in implementing preventive programs in which firms, workers and researchers have to work together in partnership. Work conditions have to be improved. The management should pay attention to the problems of the working environment and safety of workers. Workers should be trained to develop positive psychological traits to maintain the balance between rigidity and flexibility which is helpful in injury prevention. Factors which affect the psychological traits negatively should be reinforced. Workers with negative traits such as emotional instability and older workers should be employed in less demanding jobs.
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